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Summary
Background: Increasing effort has been put in the implementation and certification of breast centers in order to establish standardized, quality assured health care for breast cancer patients. The aim of this analysis was to investigate whether patients treated in certified breast centers (CBC) have a favorable prognosis as compared to patients treated outside of certified breast treatment units. Patients and Methods: The data of 3,940 patients with invasive nonmetastatic breast cancer were analyzed with regard to differences in patient and tumor characteristics and crude overall survival according to diagnosis in or outside CBC in Middle Franconia, Germany. Patient, tumor, and follow-up data were obtained from the clinical cancer registry. Results: Patients in CBC were younger, and had lower disease stages and lower grading. Independent of the effects of these variables on overall survival, being treated at a CBC added to the prediction of overall survival. Patients treated at a CBC had a hazard ratio of 0.70 (95% confidence interval 0.52-0.93) in the adjusted Cox model. Conclusions: Independent from common prognostic factors, diagnosis and treatment of breast cancer at a CBC improves the prognosis of patients. It can be hypothesized that this effect is mediated through quality assured health care provided by the certification process.
Introduction
The reduction of recurrence rates and the improvement of quality of life are the main aims for any cancer therapy. To reach this goal, the efforts of the last decades did not only aim at the improvement of therapy modalities but also at the improvement of the delivery of health care. The implementation of therapeutic or diagnostic improvements is dependent on the acceptance of clinical trial results by the scientific community and the regulations of responsible authorities. The implementation of quality assured health care according to current therapy standards however seems to be a more complex task and has only recently, over the last decade, found its way into the focus of research, politics, health care providers, and patients.
For breast cancer treatment it has been shown that even after the publication of nationwide guidelines or international therapy recommendations [1] [2] [3] [4] [5] , the implementation of and adherence to quality assured patient healthcare following these guidelines and recommendations might be unsatisfactory. It is reported that more than 40% of all patients might not be treated according to guidelines [6] and up to 70% of breast cancer patients do not get sufficient follow-up care after a diagnosis of breast cancer [7] . The reasons for this lack of guideline adherence are complex and mostly unexplored. Influencing factors might include the provision of a sufficient medical infrastructure, sufficiently educated physicians and patients, a functional network of hospitals with the surrounding screening programs and practicing physicians, and the organization of a breast center with standardized diagnostic and therapeutic pathways for breast cancer patients, including a comprehensive interdisciplinary communication between radiologists, surgeons, oncologists, and pathologists.
In Germany, the quality controlled health care for breast cancer patients has been implemented on several, partially independent, levels. Since 2003, the German Cancer Society (Deutsche Krebsgesellschaft e.V.) together with the German Society for Mastology (Deutsche Gesellschaft für Senologie e.V.) have established a multistep certification process for breast centers with the on site audition of breast centers and the mandatory data collection and analysis on several quality markers and actual follow-up and survival data for each breast cancer patient. This certification process is thought to control the correct implementation of national guidelines and international treatment recommendations as well as safeguarding the correct documentation of these processes. Federal and state authorities additionally request original data on the treatment of patients with breast diseases [8] . Furthermore, some of the breast centers have taken part in the voluntary certification by the European Society for Mastology (EUSOMA) [9, 10] .
Since 2009, it is assumed that about 77% of all breast cancer patients are treated in breast centers certified by the German Cancer Society [11] . The development and maintenance of these structures are costly and time intensive, albeit no reimbursement for these costs is provided. Up to now, there is very little proof that the efforts truly result in an improved survival or quality of life for breast cancer patients. A reasonable amount of data has been accumulated on the quality indicators that must be interpreted as surrogate markers for the ultimate aims of survival and quality of life [12] . Some of the quality indicators have been linked to improved survival such as the number of breast cancer cases treated per hospital (reviewed by Scharl and Gohring [13] ). It is thought that a higher number of treated patients leads to better survival due to superior organization and training of health care professionals. Others studies report improved survival for patients who are treated according to guidelines as compared to those who are not [6, 14, 15] . Based on these facts, it could be hypothesized that patients who are treated in certified breast centers (CBC) might have a better prognosis than patients who are not. The aim of this study was therefore to test this hypothesis in a defined region of Northern Bavaria ('Middle Franconia'), Germany. Hospitals in this area are provided with a public clinical cancer registry regardless of whether they are CBC or not.
Patients and Methods

Patient Selection
Patients with a diagnosis of invasive breast cancer, who were diagnosed between June 2004 and March 2008 and who were registered and documented in the clinical cancer registry for the region of Middle Franconia, were included in this analysis. Cancer registration in Bavaria is based on a state law which combines voluntary reporting of cancer cases to the registry by physicians, dentists and pathologists, compulsory information of patients about their individual registration, and the right of patients to revoke their individual registration at any time. It is anticipated that with regard to breast cancer more than 95% of all breast cancer cases are reported to the cancer registry for Middle Franconia [16] . Breast cancer cases are reported by CBC as well as non-certified units.
Inclusion requirements for patients for this analysis were: age 18 years or older and diagnosis of invasive breast cancer, no distant metastatic disease, and no prior breast cancer diagnosis. A set requirement for the CBC was the provision of a mean follow-up of at least 1 year. Three breast centers in the region fulfilled these requirements at the timepoint of the analysis. Additionally, 18 hospitals and practices reported and treated breast cancer patients at the same time as well. Patients were classified into the 2 categories: primary diagnosis and treatment in a CBC vs. diagnosis or treatment outside of a CBC. A total of 3,940 breast cancer patients were registered in the cancer registry, 1,988 of whom were treated in the 3 CBCs and 1,952 in non-certified breast units.
Patient and Tumor Characteristics and Follow-Up
Patient and tumor characteristics were assessed by reporting breast units and were not centrally reviewed. Data included in this report are age at diagnosis, tumor size categorized into the 4 categories according to the UICC classification (pT) [17] , nodal status, and grading. Follow-up data were provided by the treating breast units and participating physicians in Middle Franconia. Additionally, life status was obtained systematically on an annual basis from the local authorities (including the death registry) up to March 2008, after which the database was closed for this analysis.
Beckmann/Brucker/Hanf/Rauh/Bani/ Knob/Petsch/Schick/Fasching/Hartmann/ Lux/Häberle tumor smaller than 2 cm (n = 2,002), were node-negative (63.7%; n = 2,429), and had grade 2 or 3 tumors (42.6 and 50.2%, respectively).
Comparing patient and tumor characteristics between the CBC patients and the non-CBC patients, there were statistically significant differences concerning age, tumor size classification, and grading. The differences however did not seem to be substantial. Patients treated in CBC showed a pT1 tumor in 56% of the cases as compared to 48% in the group of non-CBC patients (p < 0.00001); they were on average 2 years younger (60.6 vs. 62.9 years; p < 0.00001) and had a higher grading as assessed by the local pathologist (p < 0.00001). Nodal status did not differ significantly between the 2 groups. Median follow-up time in the cohort of CBC patients was 1.5 years compared to 1.9 years in the cohort of non-CBC patients.
For the assessment of the effect on crude overall survival, a Cox PH model was built with stepwise reverse variable selection (table 2 Only crude overall survival was available for all breast cancer patients regardless of whether they had been treated in a CBC or not.
Statistical Methods
Data are presented as means ± standard deviation (SD) or as frequencies and percentages, unless otherwise noted. Descriptive statistics are provided for the most important clinical parameters including patients' age at diagnosis, tumor size classification (pT1-4), nodal status (positive or negative), and grading. Patients were classified according to 'diagnosed and treated in a CBC (CBC patients)' vs. 'diagnosed or treated outside of a CBC (non-CBC patients)'. The characteristics of CBC patients and non-CBC patients were compared using appropriate two-sample statistical tests. Student's t-test was used for continuous characteristics (age), the chi-square test for categorical characteristics (nodal status), and the Wilcoxon rank-sum test for ordinal categorical characteristics (pT and grading).
The main aim was the crude overall survival analysis. The survival time of a patient ranged from the date of diagnosis to either the patient's death or the date of censoring. For patients who were alive at the end of the observation period, survival time is censored at this time. For patients whose life status is unknown at the end of the observation period, survival time is censored at the time of the last known follow-up. Cox proportional hazards (PH) models were used to analyze overall survival. The full Cox PH model contained CBC status and the prognostic factors age, tumor size classification, nodal status and grading, and for each of these prognostic factors, the interaction with CBC status. Backward stepwise variable selection was carried out to obtain the best prognostic model (the final model) with respect to the Akaike information criterion. Hazard ratios (HR) for this final model are provided. The clinical parameters were included into the model to ensure that a possible influence of the factor CBC patients vs. non-CBC patients cannot be explained by these variables. The PH assumptions were checked by tests which correlate scaled Schoenfeld residuals with a suitable transformation of time. All of the tests were two-sided, and a p value < 0.05 was regarded as statistically significant. Calculations were carried out using the R system for statistical computing (version 2.11.1; R Development Core Team, Vienna, Austria, 2010).
Results
A total of 3,940 patients from 21 treatment units (3 CBC and 18 non-CBC) were included in this study. Patients were 61.8 (± 13.2) years of age and showed typical breast cancer characteristics (table 1) . Most of the patients (52.0%) showed a follow-up time. The final model with additional predictor grading, which had turned out to be non-significant during the variable selection process, yields similar results (data not shown). Kaplan Meier curves for the comparison between CBC and non-CBC patients are provided in figure 1.
Discussion
We were able to show that the information of whether a breast cancer patient had been diagnosed and treated in a CBC as opposed to a non-certified unit contributed to the prediction of crude overall survival as an independent prog- nostic factor when adjusting for common prognostic factors such as age, tumor size, nodal status, and grading. Our data show an effect that was desired when guidelines and the certification process and control of quality assured health care for breast cancer patients were implemented in Germany. There are some studies from Germany that do not compare patients within CBC with those treated outside CBC, but which access detailed information about the diagnosis and treatment of breast cancer in a cohort of patients and classify the patients as having or not having been treated according to therapy guidelines. Patients who have been treated completely according to therapy guidelines did show the best overall and recurrence-free survival, whereas patients who have not been treated according to guidelines had a higher risk for death (HR = 2.6; 95% CI 2.0-3.4) and recurrence (HR = 2.2; 95% CI 1.7-2.8) [6, 14] . Another study from Korea likewise found that compliance with consensus recommendations was significantly associated with better survival [18] . For other cancers such as colorectal cancer and lung cancer a correlation between compliance with cancer care standards and prognosis could be shown as well [19, 20] .
Limitations
A similar discussion exists about the effect of the participation in clinical trials on prognosis, providing insight into the limitations concerning the general interpretation of our results. There are meta-analyses and structural reviews reporting on improved outcome of patients within clinical trials vs. those who had not been treated in clinical trials [21] [22] [23] . These results even lead to the recommendation that CBC should treat more than 20% of their patients in clinical trials. However, other reports did not conclude that enrolment in clinical trials leads to improved outcomes in cancer patients [24] . The discussion of these results includes possible explanations for the effect seen in our study and also other studies that reported on an improved outcome through guideline adherence. Table 3 summarizes these effects. The desired effect would be a systematic treatment effect that results in better quality of breast cancer patient care, mediated through more accurate surgery, and higher percentages of correctly treated patients with regard to radiation and systemic therapy. We cannot compare these figures for our study, because non-CBC breast units usually do not document these features.
Furthermore, there could be an incidental treatment effect that cannot be specified at this point and is purely due to chance. In observational studies, an effect has been described which is referred to as the Hawthorne effect [25] , whereby patients who take part in observational studies could start to show a different behavioral pattern. Similarly, patients treated in breast centers could start to show altered behavior. Actually, it has already been reported that patients who attend CBC have an a priori better status of information about breast cancer and have different expectations concerning the quality of care [26] .
Beckmann/Brucker/Hanf/Rauh/Bani/ Knob/Petsch/Schick/Fasching/Hartmann/ Lux/Häberle In addition to these more behavioral effects, there could be simple bias effects that could have an influence on the different survival seen in the 2 groups. A general selection bias is unlikely, because all breast cancer patients in a certain area (population-based) have been included in this analysis. However, it could be hypothesized that patients with more advanced disease could more likely be referred to a CBC. This effect would lead to a group of patients that have a more unfavorable prognosis in CBC and thus support the interpretation that patients in breast centers receive better therapy. However, the tumor size of the CBC patients in our study was smaller and the grading more favorable. A detection bias, i.e. differences in the methodology of the assessment of outcome measures, could have had an influence in our study. Followup information is provided by the breast cancer treating units, and CBC have to report outcome, whereas non-CBC do not have to provide these data during an audit. Therefore, there could be a difference in the standards of measurement of survival as an outcome variable.
Apart from the above discussed limitations, a point of criticism could be that only information on age, tumor size, nodal status, and grading have been included in our adjusted Cox regression analyses. Other validated and generally accepted prognostic factors (hormone receptor status, HER2/neu status) were not included. Particularly treatment information was not available for our analysis.
In summary, we were able to show that the information about diagnosis and treatment taking place in a CBC contributed to the prediction of overall survival as an independent prognostic factor in addition to the variables tumor size, age, grading, and nodal status. It can be hypothesized that this effect might be the result of quality assured health care, implemented and controlled by the certification process. How this improvement is effectively mediated, is a matter of speculation. The likely explanation is the adherence to a guidelineconform therapy and follow-up care. However, the limitation of our study design warrant further investigation of this finding in order to exclude behavioral and bias effects.
Disclosure Statement
There are no conflicts of interest.
Acknowledgement
This work is a collaborative effort of a network of certified breast centers and the practicing physicians that are mandatory part of a certified breast center. Furthermore all pathology departments in the region of Middle Franconia take part in the clinical cancer registry and have to be thanked as well.
Denomination
Description Systematic treatment effect altered balance of main treatments of differing efficacy (CBC vs. non-CBC patients) Incidental treatment effect differences in incidental aspects of treatment or care; effect is purely due to chance (CBC vs. non-CBC patients) Hawthorne analogue effect changes in patients' or clinicians' behavior (other than assumed by chance) due to being in a CBC, other than expected aspects (CBC vs. non-CBC patients / CBC vs. non-CBC physicians) Detection bias different standards in the measurement of outcome concerning the study aim CBC = Certified breast center. Table 3 . Possible effects explaining differences in prognosis and explanation models for the effects found
